Cisplatin (CP) and/ or radiation exposures cause oxidative stress, which induced liver toxicity. The present study was undertaken to explore if fish oil (FO) and /or selenium nano particles (SeNPs) can minimize CP-induced hepatotoxicity and other side effects. Rats were either treated with SeNPs (0.5 mg/kg) and /or FO (2 mg/Kg) for 12 days before treatment with CP (10 mg/Kg) and/ or exposure to γ-rays (0.7Gy).The results of the present study revealed that rats treated with CP and /or γ-radiation showed an increase in the level of IL6, renin and the expression of angiotensinogen , xanthine oxidase (XO) and NF-κB protein along with a decrease in (Nrf2) protein expression as well as, the activity of antioxidant enzymes. Fish oil and /or selenium nanoparticles (SeNPs) treatment prior to CP and/ or radiation exposure normalized these parameters. Our findings suggest that FO together with SeNPs could be used as protective supplements against toxicity associated with ionizing radiation and CP due to its antioxidant, anti-inflammatory and anti-apoptotic properties.
INTRODUCTION
Radiotherapy acts via the initiation of double strand breaks to DNA in order to induce elimination of cancerous cells via apoptosis. 1 CP is regarded as a major drug against a broad spectrum of leukemia and malignant tumor. CP cytotoxicity includes production of ROS, cell cycle arrest in the G2-phase and then induces programmed cell death. 2 The efficiency of using radiotherapy as well as chemotherapy for cancer treatment is restricted due to side toxic effects. Nuclear transcription factor-kB (NF-κB) is an important transcription factor which play role in the regulation of innate immunity, inflammatory responses, cellular growth, and apoptosis. In addition, this transcription factor is persistently active in a number of disease states, including cancer, arthritis and 3 Previous reports showed that ionizing radiations and cytotoxic agents, including CP activate NF-κB via protein kinases and reactive oxygen species (ROS) that are produced during irradiation and cytotoxic drugs. 4, 5 Nuclear factor erythroid-derived 2 (Nrf2) is a key regulator of the antioxidant responsive element (ARE) -mediated gene expression. 6 Previous studies reported interplay between Nrf2 and NF-κB signaling pathways. Compounds targeting the Nrf2 pathway suppress the abnormal inflammatory responses controlled by NF-κB pathway. 7 The aim of combining chemo and radio-therapy is to reinforce the efficiency of radiation by inhibition of DNA repair of cancer cell as well as, activation of apoptotic pathway. 8 Consequently, pharmacological inhibition of NF-κB would be an approach to potentiate cancer therapy. Previous study suggests that using chemo-preventive agents together with chemotherapy can augment the efficacy of chemotherapeutic agents and lower their toxicity to normal tissues. 9 The essential omega fatty acids (ω FA) in the human diet are ω -3 and ω -6 FA.
10
FO contains two omega-3 fatty acids named docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA). Omega-3 fatty acids (Omega-3 FAs) are considered as strong antioxidants; possess anti-inflammatory properties via inhibiting the pro-inflammatory transcription factor (NF-κB), and induction of an "anti-inflammatory" eicosanoid profile.
11,12
Among the natural product Se element is attracting the attention due to its chemo preventive anti-cancer, antimetastasis capacity, inhibition of angiogenesis, antioxidant properties, and promotion of vascular maturation and enhancement of drug delivery. 13 Nano technology holds a guarantee in medicine since materials at the nanometer dimension display novel properties different from those of bulk material, such as increase bioavailability of drugs, development of new medicines which are more safe.
14 The introduction of nano-size elemental selenium showed an efficacy in increasing antioxidant GPx activity while exhibiting lower toxicity.
15
These SeNPs also show high biological activity and more absorptive ability due to the interaction between the nano-particles, -NH 2 , C=O, − COO and -C-Ngroups of proteins. 16 Biological activities of selenium and its nano-forms revealed that hollow spherical nanoparticles of selenium have potent antioxidant properties with reduced risk of selenium toxicity.
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The aim of this study is to enhance the effectiveness of CP in cancer treatment by exposing the animals to a single dose of γ-radiation (0.7 Gy), and to what extent FO and SeNPs antioxidants could be used as a potential treatment for CP and radiation induced hepatotoxicity. To address our hypothesis pro-inflammatory status (renin, angiotensinogen and IL6), antioxidant enzymes (PON-1, GPx), and protein expression profile (NF-κB and Nrf2 protein) were examined.
MATERIALS AND METHODS

Chemicals
CP used in this experiment was purchased from Pfizer Co. Egypt, and was used at the dose of 10 mg/ kg body weight i.p.
18 FO was obtained from the Arab Co. for Gelatin and Pharmaceutical Products, and was at the dose of 2 ml/kg body weight.
19 SeNPs (49.6 nm ± 8.7 SD) particle size was prepared according to the method described previously.
20
Experimental animals
This study was approved to be carried out by the Committee of Scientific Ethics at of Faculty of pharmacy, Al-Azhar University, Egypt, following the guidelines of for animal use. Forty two male albino rats weighing 200-250 g were used in this study. They were attained from Nile Pharmaceutical Co, Cairo, Egypt. They were kept under comfortable environmental conditions. They were maintained in stainless steel cages in a well-ventilated animal house at temperature of about 22°C ± 5°C under a 12:12-hour light-dark cycle for two weeks for adaptation. The rats were maintained on a standard diet and provided water ad libitum.
Experimental design
It was intended to use a radiation dose level of 0.7 Gy to enhance the synergistic action of both chemo-radiotherapy; in mean time the dose level was not too high to avoid radiation risk hazards. The applied dose of CP, FO and SeNPs were chosen according the information cited in literature. [18] [19] [20] Rats were randomly divided into seven equal groups (6 rats each). Group 1 (Control group) control untreated group. Group 2 (CP group) rats were given a single dose of CP (10 mg/ kg body weight i.p). Group 3 (IRR group) rats were exposed to a single dose of 0.7 Gy γ-rays. Group 4 (CP + IRR group) rats were given CP i.p. and then exposed to a single dose of 0.7 Gy γ-rays after 24 h post CP injection. Group 5 (FO+ CP + IRR group) rats were administered FO (2 ml/ kg body weight) orally and daily for 12 consecutive days and then injected with CP i.p. after half an hour of the last dose of FO. Twenty-four hours after the CP injection, the animals were irradiated with 0.7 Gy γ-rays. Group 6 (SeNPs + CP + IRR group) rats were given SeNPs (0.5 mg/kg body weight) orally and daily for 12 consecutive days and then injected with CP i.p. after half an hour of last dose of SeNPs. After the 24 h of CP injection; rats were exposed to 0.7 Gy of γ-rays. Group 7 (FO+ SeNPs + CP + IRR group) rats were given FO concurrently with SeNPs (daily) for 12 consecutive days, after half an hour of the last dose of both FO and SeNPs , rats were injected with a single dose of CP i.p. Twenty-four hours later rats were exposed to 0.7 Gy of γ-rays. Animals were decapitated and the blood was collected for biochemical analysis 24 h post radiation exposure. Serum was obtained and stored at -20°C until analysis. Liver was excised, homogenized in ice-cold saline and used for several biochemical analyses.
Irradiation of experimental animals
Rats were whole body γ-irradiated with a single dose of 0.7 Gy, using cesium 137 irradiation units at the National Center of Radiation Research and Technology (NCRRT) with a dose rate of 0.71993 rad/sec. Cesium cell was standardized by alanine dosimetry relative to a primary standard. Correction were made daily for humidity, barometric pressure and temperature.
Biochemical studies
The following parameters were measured in the serum of the seven tested rat groups, according to the instructions of their referred methods. Serum renin measured by Elisa kit renin (My Biosource USA). Serum IL6 was determined by R&D system USA according to manufacturer's instruction, while PON-1 activity was assayed in liver tissue according to the method of Rodrigo et al.
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GPx activity was measured conferring to the method describe by Rotruck et al.
22
Real-time quantitative polymerase chain reaction (PCR)
Liver xanthine oxidase and angiotensinogen gene expression were measured by means of real time PCR (RT-PCR). Total RNA was sequestered from liver tissue homogenates using RNeasy Purification Reagent (Qiagen, Valencia, CA) conferring to the manufacturer instruction. The membranes were washed four times with 10 mM Tris-Cl, pH 7.5, 100 mM NaCl, and 0.1% Tween 20 at room temperature. Chemiluminescence detection was performed with the BioRad detection kit according to the manufacturer's protocols. The amount of NF-κB and Nrf2 protein was quantified by densitometric analysis using Bio-Rad software (Bio RAD., USA). Results were expressed as arbitrary units after normalization for β-actin protein expression.
Statistical Analysis
To evaluate the significant level of influence caused by the combination effects of FO and SeNPs, in CP irradiated rats, one way analysis of variances (ANOVA) followed by Tukey's multiple comparison test was used.
Statistics are representative of 6 independent experiments carried out in triplicate. Statistical analysis was done by using Graph-Pad software prism version 5, San Diego, CA, USA. Differences were considered statistically significant at P<0.05. Table 1 illustrates the effect of cisplatin and/ or 0.7 Gy γ-radiation exposures on liver GPx and PON-1 activities. CP and/ or radiation exposure (groups 2, 3 and 4) resulted in a highly significant decline in both liver GPx and PON-1activity as compared to control rats (group 1). The decrease in GPx and PON-1activity was more pronounced in group subjected to double treatment of CP and γ-rays (group 4). Moreover, administration of FO and/ or SeNPs (groups 5, 6 and 7) to rats caused a moderate restoration especially in (FO+ SeNPs +CP+IRR) group; since both treatments were affected clearly on the level of the previous parameters ( Table 1) .
RESULTS
Assessment of antioxidant enzymes in liver
Assessment of pro-inflammatory markers in serum
Results summarized in Table 2 showed the effect of CP and/ or 0.7 Gy γ-radiation exposures on serum renin and IL6. CP and/ or γ-irradiation resulted in a sharp increase in both serum renin and IL6 compared to control rats. The increase was insignificant between CP and IRR group in both parameters, while a combined treatment as in CP + IRR group caused a highly significant increase in serum renin and IL6 levels as compared to group control, CP and IRR individually. Administration of FO and/ or SeNPs (groups 5, 6 and 7) caused a moderate amelioration which became more obvious in group of rats treated with combined treatment of FO and SeNPs as compared to the (CP+IRR) groups but still showed significant increase as compared to normal control level ( Table 2) .
Assessment of gene expression in liver
Real-time PCR showed that XO and angiotensinogen were over activated by the treatment of rats by CP, radiation and their combination (groups 2, 3 and 4), which became significantly changed compared to normal control group (Table 3 ). The present results revealed a highly significant decrease in the relative expression level of liver angiotensinogen in group 5 (FO + CP + IRR) as well as liver XO and angiotensinogen in group 7 (FO + SeNPs + CP + IRR) comparing with treated control groups (2-4) individually and showed a moderate restoration as compared to the normal control levels.
Assessment of protein expression in liver
Treatment of rats with CP and/ or radiation exposure (groups 2, 3 and 4) revealed a significant increase in liver NF-κB protein expression accompanied by decrease in Nrf2 protein expression as compared to the control group. On the other hand, rats pretreated with FO and SeNPs suppresses the expression of NF-κB induced by CP and radiation along with an increase in the expression Nrf2 groups 5, 6 and 7 ( Figure 1) .
DISCUSSION
In the current study, the molecular mechanisms underlying the possible liver radio protective effect of FO and SeNPs have been evaluated in an experimental model of CP and radiation-induced hepatotoxicity.
In the present study, administration of CP and/or radiation exposure of rats caused a significant decrease in the activity of GPx, PON-1 with the increase in the expression of XO as compared to control values. Previous investigators accounted comparable data. They noted a decrease in the level of GPX and PON-1 with an increase in the level of xanthine oxidase after CP 24 treatment as well as, exposure to γ-rays. 25 the decreased activity of GPx resulted in the decreased ability of the liver to scavenge toxic H 2 O 2 and lipid peroxides. CP led to an increase in XO activity, possibly through the conversion reaction of xanthine dehydrogenase to XO.
26
Increased activity of XO enzyme is a vital risk factor for the oxidant burden in the liver tissue as it is the main enzyme producing toxic superoxide radical in vivo. 27 Thus, declined antioxidant status partially explains the mechanism of hepatootoxicity induced by CP and /or γ-irradiation. Besides, the oxidative stress analysis, the current study showed that administration of CP and/ or radiation exposure of rats caused a significant increase in the serum IL6 level, renin activity as well as, liver angiotensinogen gene expression and NF-κB protein expression, which were accompanied by a decrease in the expression of Nrf2 protein. Alteration in all tested parameters was augmented in rats treated with CP and γ-rays; indicating that irradiation intensify the toxic effect of CP. These results indicate that the mechanism of CP and /or irradiation-induced liver damage may be mediated by NF-κB and angiotensinogen activation as well as, the increases in the level of IL-6 inflammatory cytokines. The pro-inflammatory cytokine, including IL-6 and reactive oxygen species (ROS), induced by the administration of CP and ionizing radiation, are the most common factors that induce NF-κB activation.
28 Ionizing radiations and cytotoxic agents (CP) activate NF-κB via the protein kinases ATM or DNA-PK. ATM is a nuclear serine kinase that upon sensing DNA damage activates several signaling pathways to regulate cell cycle, stress and DNA repair. 29, 30 Angiotensinogen is an essential member in the renin-angiotensin system (RAS). 31 Interestingly, angiotensinogen functions as a reservoir for angiotensin I (AngI), which is cleaved from the N terminal by the enzyme renin and then converted into AngII, which causes liver damage 32 therefore, its level is a good indicator of liver damage. AngII is involved (U/g tissue) and PON-1(nmol/min./mg tissue) Results are expressed as means ± SD (n=6). *significant difference from control group, ≠ significant difference from (CP+ IRR) treated group at P<0.05. in the inflammatory process and increases vascular permeability through the release of prostaglandins and vascular endothelial cell growth factor (VECG) that initiates the inflammatory process. 33 AngII induce the expression and transcription of the cytokines family via activation of NF-κB-dependent pathway and IL-6 transcription in rats leading to organ damage, 34 which is in agreement with our present conclusion. Taken together, these data suggest that compounds blocks AngII receptor and inhibits renin can slow inflammatory processes and disease progression. Nrf2 is an important regulator in the anti-oxidative reaction of the cells, it interacts with the antioxidant response element (ARE), and plays a wide range of Cytoprotective roles in anti-oxidative, anti-apoptotic, and anti-inflammatory responses. 35 Under resting conditions, Nrf2 is restored in the cytoplasm by Keap1, an adaptor. 36 Under oxidative stress, Nrf2 is released from Keap1 and translocate to the nucleus where it up regulates ARE-dependent cytoprotective genes such as glutathione transferase, GPx and catalase. 37 Our result further indicated that the rats orally treated with FO and SeNPs before CP and γ-irradiation significantly ameliorated the double unfavorable effect of using CP and γ-irradiation. This is evident by the increase in the level of antioxidant enzymes PON-1, GPx in liver and the decrease in the activity of renin as well as the level of IL6 in serum. Such treatment caused activation of liver Nrf2 protein expression along with an inhibition in the expression of XO, angiotensinogen and NF-κB expression in liver tissue. Literature survey revealed that EPA and DHA fatty acids have antioxidant properties and play a vital role in free radical metabolism. 38 These effects occur partly via activation of Peroxisome proliferator-activated receptors (PPARs) by n-3 polyunsaturated fatty acids in fish oil. 39 Previous study reported that PPARγ is an important factor in the regulation of PON1 expression, and in neutralizing oxidative stress. PPARγ-mediated activation of Nrf2 signaling, results in Nrf2-dependent inhibition of pro-inflammatory pathways. 40 In addition, PPARγ and Nrf2 are connected by a positive feedback loop that confirms the expression of both transcription factors and antioxidant. All at once, the two genes utilize a powerful anti-inflammatory action preventing the NF-κB pathway. 41 On the other hand, previous studies revealed that sele nium plays important roles in the enhancement of the antioxidant defense system, 42 increased GPx activity, 43 scavenge the free radicals and ROS 44 and down regulate the NF-κB pathway, 45 Consistent with previous study, SeNPs plays important roles in the enhancement of the antioxidant defense system whereas, the administration of SeNPs caused a marked improvement in hepatic antioxidant activities, which is due to its function in the active site of many antioxidant enzymes; like GPx. 46 selenium compounds or its metabolites may directly activate the Nrf2 pathway by modifying critical thiols in Keap1. 47 Nrf2 activators might be a successful strategy to control disease, which is associated with oxidative injuries. 48 Consequently, in the current study the tested combination of both FO and SeNPs may reveal the totality of efficiency of either compound alone; as they act by more than one mechanism. Combined treatment of FO and SeNPs may counteract the liver toxicity at the biochemical and molecular levels by participating in the repair and regeneration of injured membrane structures resulted from intensive exposure to oxidative stress.
CONCLUSION
The present study indicates that administration of FO together with SeNPs could ameliorate the hepatotoxic effect induced by CP and radiation exposure. The mechanisms underlying these promising effects could be through increasing Nrf2 expression which ameliorates antioxidant status, increasing GPX, PON1, in addition to diminishing the pro inflammatory markers IL6, therefore decreasing the expression of NF-κB. 
